Four strains of tetrodotoxin-producing bacteria isolated from a red alga and from pufferfish were characterized. Two of these strains are members of the genus Listonella MacDonell and Colwell. The phenotypic characteristics, guanine-plus-cytosine contents, and base sequences of the 16s rRNAs of these organisms indicated that they are members of ListoneUa pelagia (Vibrio pelagius) biovar II. The other two strains are members of the genus Alteromonas Baumann et al. and the genus Shewanella MacDonell and ColweU. These two strains are mutually distinct and distinct from the previously described Alteromonas and Shewanella species and therefore are placed in new species. The names Shewanella alga and Alteromonas tetraodonis are proposed for these organisms; the type strains are strains OK-1 and GFC, respectively.
mals, mostly animals which live in marine habitats (11, 17) . Although these animals themselves have long been considered the producers of tetrodotoxin, the recent isolation of tetrodotoxin-producing marine bacteria from various sources (12, 17, 18) suggests that the toxin is in fact produced by bacteria that are associated with the animals and their food. A presumptive Pseudomonas strain that was isolated from a red clacareous alga (Jania sp.) was reported to produce tetrodotoxin by Yasumoto et al. (18) . Yasumoto et al. also reported the isolation of three other toxin-producing strains, one from the red alga and the other two from the surface slime of a pufferfish (Fugu poecilonotus) (19) . In this paper we characterize and classify these four strains.
MATERIALS AND METHODS
Strains. Kotaki et al. (8) isolated strains OK-lT (T = type strain) and OK-2 from the surface of a red alga (Jania sp.) by using a medium containing 0.5% peptone (Nissui Seiyaku, Ltd.), 0.25% yeast extract (Nissui Seiyaku, Ltd.), 0.1% glucose, 3.0% NaC1, and 1.5% agar. The other two strains (strains GFB and GFCT) were isolated by Yasumoto and Yotsu from the skin slime of a pufferfish, using a similar medium (19 Determination of G+C content. Bacterial DNAs were purified by using the method of Marmur (lo), and guanineplus-cytosine (G+C) contents were determined by using a modification of the high-performance liquid chromatography method of Tamaoka and Komagata (13) . Purified DNA was dissolved in 10 mM phosphate buffer (pH 7.0) at a concentration of 1 mg/ml of buffer. The solution was heated at 100°C for 15 min and then cooled rapidly in an ice bath. Then 10 p1 of the denatured DNA solution was mixed with 10 pl of a nuclease P1 (Yamasa Shoyu Co., Ltd., Chiba, Japan) solution (0.1 mg in 1 ml of 40 mM sodium acetate buffer containing 2 mM ZnSO,, pH 5.3), and the preparation was incubated at 50°C for 1 h. The hydrolysate was stored at -25°C prior to analysis. Reverse-phase high-performance liquid chromatography was carried out by using a Senshu Pak ODs-1251-N column (Senshu Kagaku, Ltd., Tokyo, Japan) packed with 5-pm octyldecyl silane (ODS) (M. Nagel, City, Federal Republic of Germany). The nucleotides were eluted with 10 mM phosphate buffer (PH 7.0) at a flow rate of 1 mumin at 30°C. Nucleotides were detected with a Jasco model Uvidec 100-VI variable-wavelength detector (Japan Spectroscopic Co., Ltd., Tokyo, Japan) at 260 nm. The peak areas were measured with a Jasco model DP-L220LC data processor. A standard mixture of the four deoxyribonucleotides was purchased from Yamasa Shoyu Co., Ltd. Determination of 16s rRNA sequences. Sequencing of 16s rRNA was carried out by using a reverse transcriptase reaction and the method of Lane et al. (9) . We used three different oligonucleotide primers that were specific to the 16s rRNA, and about 600 nucleotide bases were determined for each of the strains tested. The details of the sequencing method which we used are described elsewhere (K. KitaTsukamoto, H. Oyaizu, N. Nanba, and U. Simidu, submitted for publication).
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RESULTS AND DISCUSSION
Phenotypic characteristics of the te trodot oxin-producing strains, as well as their G+C contents, are shown in Table 1. Strains OK-2 and GFB. Strains OK-2 and GFB exhibited quite similar characteristics despite their different sources. Strain OK-2 was isolated from an alga in Okinawa, Japan, and strain GFB was isolated from a pufferfish in northern Honshu Island, Japan. Of the 108 characteristics compared, only 7 were different (94% matching characteristics). The following characteristics were different: arginine dihydrolase activity, fermentation of melibiose, and utilization of Dribose, glutarate, or-ketoglutarate, L-histidine, and caprate. Both of these organisms hydrolyzed alginic acid, which is one of the rare characteristics found in members of the genera Vibrio and Listonella. Most of the characteristics of both strains were identical to those of Listonella pelagia (Vibrio pelagius) biovar 11. The main differences were requirements for organic growth factors, utilization of cellobiose, propionate, and aconitate, and (for strain GFB) the presence of arginine dihydrolase activity. Tison and Seidler (14) described a new species of the genus Vibrio, Vibrio aestuarianus, which has arginine dihydrolase activity. Other characteristics of strain GFB were also identical to those of V . aestuarianus, except that strain GFB grew in the presence of 7% NaCl, whereas V . aestuarianus did not. However, the number of phenotypic characteristics reported for V . aestuarianus is too small (13 characteristics, including dependence on NaCl for growth) to draw a conclusion concerning whether this species is the same organism as strain GFB (and also L . pelagia). Although further examination of these organisms by using molecular genetic techniques might be needed for exact identification of strain GFB, the clear similarity between strain GFB and L . pelagia seems to indicate that strains OK-2 and GFB are L. pelagia biovar I1 strains.
Strain OK-lT. The G+C content of strain OK-lT was 54 mol%. The high-performance liquid chromatography method for determining G+C contents of DNAs has been well established by a number of workers (6, 7, 13) and gives results similar to those obtained by melting point methods (possible differences are within 2%) (6, 13). Considering the possible 2% differences, the G+C content of strain OK-IT could be on the low end of the values reported for the genus Pseudomonas and on the high end of the values reported for the genus Alteromonas (3). The G+C content of Shewanella putrifaciens (Alteromonas putrifaciens) has been reported to be 48 to 56 mol%, although this range is rather broad for a single species.
A study of the base sequences of marine bacteria (KitaTsukamoto et al., submitted) showed that each bacterial genus has its own characteristic pattern that is common to species in the genus. The partial 16s rRNA base sequence of strain OK-lT (Fig. 1) clearly shows that the sequence of this strain differs from the sequences of the genus Pseudomonas and the genus Alteromonas. The sequence of strain OK-lT is rather similar to that of S. putrifaciens. A phylogenetic tree constructed by using 600 16s rRNA bases (Fig. 2) confirmed the close relationship between strain OK-lT and S. putrifaciens. However, the number of differences in the base sequences of strain OK-lT and S. putrifaciens is rather high (at least 21 base substitutions in a 600-base sequence). These differences might even be enough to warrant placing the two organisms in separate genera. However, at present, the number of species in the genus Shewanella is limited, and we prefer to place strain OK-lT in this genus. We propose that a new species, Shewanella alga, should be created for strain OK-lT; a description is given below. Shewanella alga sp. nov. Shewanella alga (al'ga. L. n., alga, alga) cells are gram-negative, straight rods (0.8 by 1. 6   FIG. 4 . Electron micrograph of strain GFCT.
